Introduction
Daryl B. Simons is remembered for his hard work, dedication, and perseverance as an hydraulic engineer. This article describes his life and professional contributions to sediment transport, river engineering, and fluvial systems. It also briefly covers his education, teaching, and research activities; and his contributions to the development of research facilities and to the profession of hydraulic engineering. This Forum article portrays Daryl from the professional interactions with the authors in the past five decades.
Early Life
Daryl Baldwin Simons was born on February 12, 1918. His parents, Ezra Ord and Effie May, lived in Payson, Utah. He had four sisters, Geneve, Frances, Catherine, and Florence, and two brothers, Keith and John. Daryl lost his parents in 1923 at the early age of 5 when his oldest brother Keith was 17. However, he and his siblings stayed together during their formative years and managed their farm in Salem, Utah. Daryl became handy with the short handle hoe, thinning sugar beets, picking tomatoes, milking cows, harvesting peas, and using the irrigation shovel. He knew what it was like to be at the end of the ditch with a good water right but having upstream neighbors with a shovel.
When Daryl graduated from high school, he had decided that farming was not for him. A local carpenter who earned $10 a day building granaries, chicken coops, and a few homes became his role model. The family plan was for him to attend Utah State Agricultural College ͑now Utah State University͒ at Logan, Utah, and complete a two-year trade school course in carpentry. Working as a farm hand, he accumulated $150 and finished his first year in carpentry. In the second summer, working with his younger brother John, they saved another $150. It was decided that Daryl would use it all to complete his carpentry education, which he did in 1940.
To gain more experience in carpentry, he hired out in the summer of 1940 with two other graduates of the carpentry class to George Clyde, dean of engineering at Utah State Agricultural College, to build a house. Clyde was a very profane taskmaster and was upset about losing tools from his locked compound. Coming to check on the work one morning, Clyde found a person inside the locked compound. Clyde entered and promptly threw the intruder over the fence. It turned out that the intruder was one of the carpenters he had hired. When only Daryl was left, Clyde asked him why he put up with him and had not quit. Daryl replied, "You don't know my older brother." That fall, Clyde convinced Daryl to return to school and become an engineer. That meant four more years, but Clyde assured him that the means would be forthcoming. The following spring ͑1941͒, the war in Europe triggered a building boom in Ogden, Utah. Daryl was able to earn $1.10 an hour and work up to 100 hours a week. It looked like the wealth of the Incas, and his financial troubles were over. He had the means to concentrate on his studies and excel as a student, where he moved to the top of his class.
After the attack on Pearl Harbor on December 7, 1941, Daryl's ROTC unit was called up, and his studies were interrupted until 1946. He entered the U.S. Army in April 1943. Through combat in the 83rd Division of Patton's Third Army, he advanced to the rank of first lieutenant in command of an 81-mm mortar platoon. He was quite proud of his U.S. Army stint and never hesitated to enlighten his colleagues, students, and others regarding his experiences during this challenging time of his life. After combat, he was retained in Europe as a captain and unit commander in the U.S. Army Corps of Engineers. Near the end of World War II, he attended engineering classes in England. His persistence in asking questions during a lecture resulted in him being admonished that, in England, you do not interrupt the professor, period.
Engineering Education
Daryl received a B.S. in civil engineering from Utah State University, in Logan, Utah, in 1947. Daryl In a hydraulics division paper based on his own Ph.D. dissertation under Vito Vanoni at California Institute of Technology, Norman Brooks had stated that there was no relation between discharge and depth, width, and slope in alluvial sand bed channels. This caused quite a stir with much discussion by Dr. Hans Albert Einstein ͑Fig. 2͒. The whole story is given in the 1958 ASCE Transactions ͑Brooks 1958͒. In a nutshell, Simons and Richardson's tasks were to determine if Brooks was right and to determine a relationship between water and sediment discharge in alluvial sand channels.
From 1956 to 1961, they conducted 343 flume experiments ͑runs͒ on sediment transport and resistance to flow in alluvial sand bed channels. The d 50 of the sand sizes ranged from 0.19 mm to 0.93 mm. They also conducted field studies on the Rio Grande, the Low Flow Conveyance Channel in New Mexico, and Middle Loup River in Nebraska as well as reviewed other sand bed rivers worldwide, e.g., the Indus, Ganges, Brahmaputra, Padma, Rio San Francisco, and Orinoco Rivers and their tributaries. From their research, they determined that there is a relation between discharge, slope, depth, and width in alluvial sand channels if the bed configuration ͑bed form͒ is known. Based on their experiments shown in Fig and Nordin ͑1964͒ classified bed forms and related resistance to flow on the basis of Simons' and Richardson's research papers. They analyzed the available stage discharge relations for alluvial sand channels. Their analysis revealed that there were discontinuous rating curves in alluvial sand channels and that indeed the shape of these rating curves were similar to those predicted by Hans Albert Einstein in his discussion of Brooks' 1958 ASCE paper. Some of the early pioneers of the sand bed channel research team are shown in Fig. 5 . A little known fact about Daryl Simons is that in 1955 he conducted a study and wrote a special report for Emory Lane on the angle of repose of non-cohesive rock. The rock ranged in size from 0.25 mm to 0.61 m and in shape from very rounded to crushed ledge rock ͑Simons 1955͒. The figure he developed ͑Fig. 6͒ for his report to Lane was reproduced in the Federal Highway Administration ͑FHWA͒ report and has been reproduced in many other publications ͑Richardson et al. 2001͒.
The CSU Years
In 1963, Daryl left the U.S. Geological Survey and joined the Civil Engineering Department at Colorado State University ͑CSU͒ as a professor teaching erosion and sediment transport, river mechanics, hydraulic structures, characteristics of rivers, mechanics of sediment and water discharge in alluvial streams and rivers, soil mechanics, fluid mechanics, and related subjects. Daryl, with his students Michael Stevens, Gary Lewis, and Fred Watts, developed equations and design methods for flood protection at culvert outlets and the sizing of riprap to protect stream bed and banks from erosion. The riprap design incorporated the bank slope, angle of repose of the rock material, and a safety factor, which was a first ͑Simons and Lewis 1970; 
Research Facilities
As Associate Dean for Research, he played a critical role in the design and funding of the Engineering Research Center at the Foothills campus ͑see Fig. 9͒ . In 1963, Dr. Morgan, president of Colorado State University, and his administration wanted the site of the Hydraulics Laboratory on campus for a newer and bigger Student Center. The original Student Center was built when Colorado A&M student enrollment was less than 2,000. With an enrollment of over 5,000 students and visions of a much larger student population, a new Student Center was vital for this growth. A very active research program at the Hydraulics Laboratory was under way. Daryl, working with Ray Chamberlain, Maurice Albertson, and the Administration, was able to move the Hydraulics Laboratory to a site below Soldier Canyon Dam of Horsetooth Reservoir on the Foothills campus by obtaining the needed additional financing from the State Legislature. The site was ideal for a hydraulics laboratory as it provides a large discharge ͑up to 14 cm͒ at very large head ͑107 m͒. In all, Daryl was able to obtain funds for and oversee the construction of the 36.6ϫ 85.4 m freestanding hydraulics, the fluid dynamics and diffusion laboratories, and a three-story office building ͑Fig. 9͒.
During this time ͑1963 to 1968͒, Everett Richardson, with funding from the U.S. Geological Survey and support from Daryl, 
International Contributions to Hydraulic Engineering
With a professional career spanning 55 years, Daryl B. Simons was an internationally recognized expert in the fields of hydraulics, hydrology, geomorphology, river mechanics, sediment transport, and hydraulic modeling. His teaching and research on sediment transport, river mechanics, and hydraulic structures at CSU and his supervision of hundreds of water-related projects around the world had contributed to this international reputation.
Daryl never stopped serving the people in his entire professional career. He began doing independent consulting following the completion of his Ph.D. and continued through the years in consulting projects throughout the world for the United Nations, the World Bank, the Inter-American Development Bank, the U.S. Bureau of Reclamation, the U.S. Army Corps of Engineers, the U.S. Forest Service, the Federal Highway Administration, and other federal and state government agencies and international groups. One of his first projects involved the design of the Link Canals, part of the Indus Basin Plan to redistribute water between India and Pakistan. Other locations for his work have included Egypt, Spain, Bangladesh ͑Simons 1970͒, Pakistan, India, Nepal ͑Simons 1979͒, Afghanistan, and many South American countries including Venezuela ͑Simons et al. 1971͒, Peru, Brazil, Chile, Argentina, Ecuador ͑Simons 1975͒, as well as much of the United States, Canada, and Mexico. In Egypt, he was asked to evaluate the potential degradation of the Nile River after construction of the High Aswan Dam ͑Simons 1965͒. His estimate was one of the Daryl made many contributions to the engineering profession. Two very important international contributions deserve particular recognition: the Link Canals in Pakistan, which prevented one if not several wars between India and Pakistan; and his experimental research on the design of the flood control levees in East Pakistan ͑now Bangladesh͒.
Design of the Link Canals in Pakistan "1960s…
The design of the Link Canals in Pakistan was needed to provide water to the 2 million plus acres of irrigated land in the Punjab region of old India. In 1947, England relinquished its former colony, India. The "Old" India was partitioned into East and West Pakistan and India on the basis of religion ͑Karpov 1964͒. Using census figures and not geographic boundaries, Lord Mountbatten, Viceroy of India, divided Old India into MuslimEast and West Pakistan and Hindu India. The division, based on religion, disconnected the headwaters of the four rivers that furnished irrigation water to Pakistan's Punjab region. This had the potential of drying the Pakistani Punjab region up if India built dams on the headwaters to divert the water to irrigate her Punjab lands. The four rivers were the Sutlej, Chenab, Ravi, and Jhelum. These rivers were tributaries to the Indus.
Pakistan could not stand to have the potential of being deprived of her lifeblood ͑irrigation water͒ for her part of the Punjab. The World Bank developed the Indus Basin Plan for Pakistan. The essence of the plan was to build a dam on the Indus River at Tarbela ͑Tarbela Dam͒ to store water and large canals ͑221 cm to 935 cm capacity͒ from the Indus River to the four rivers that served the Pakistan Punjab. These Link Canals would furnish water from the Indus to the four rivers above the existing irrigation canals diversion structures. The Link Canals essentially replaced the water that India might take in the upstream area.
A major consideration was the design of stable canals to move the water ͑Simons 1970͒. A stable canal is one that has the proper slope, depth, and width to convey the irrigation water without erosion or deposition. Daryl ͑as a member of a committee composed of himself, Sir Gerald Lacey, and Thomas Blench͒ had a major role in the successful determination of the slope, width, and depth for these stable Link Canals ͑Fig. 10͒. India did construct dams on the headwaters of these rivers and used the stored water to irrigate the part of the Punjab that was within her borders. Thus, the Indus Basin plan contributed to the prosperity of both countries.
An interesting side light to Daryl's work on the committee occurred on his first trip to London. Daryl flew to London with Mr. Tipton of Tipton and Kalmbach, a civil engineering firm located in Denver, Colorado, to attend the first meeting of the Stable Canal Design Committee. He and Tipton were met at the airport by Sir Gerald Lacey. Sir Gerald Lacey's greeting was "You thought I was dead, didn't you?" In his dissertation, Daryl had referred to Sir Gerald Lacey in the past tense. Sir Gerald later visited Daryl and stayed at his home.
Flood Control in Bangladesh
Every year the peak flows of the Brahmaputra, Padma ͑Ganges͒, and Megna Rivers, which surround Bangladesh, flooded a major portion of her farmland and cities for a couple of months. With the floods, the major crop of floating rice had very low yields ͑10 to 15 bushels per acre͒. To protect the lands from flooding, the World Bank proposed building levees on the banks of these three rivers. With the lands protected from flooding, a crop of high yielding rice could be grown ͑70 to 100 bushels per acre͒. Also, during the dry season, water would be pumped from the rivers to irrigate another crop of rice. In addition to the rice, other crops and vegetables would be grown. However, the design height of the levees was so high that the project was not economically feasible. They took too much land out of production and cost too much to build.
Daryl was a consultant to the World Bank for irrigation and flood control in Bangladesh. The original design of the levee height used a rigid boundary Manning n of 0.04. Based on his experiments at CSU, Daryl knew that this measurement was too large. He expected that the bed of the Brahmaputra, Padma ͑Ganges͒ and Megna Rivers would plane out at the very large flows in these rivers, flows up to 70,800 cm. At his suggestion, the United Nations Authority that was collecting flow data on these rivers measured the Manning n over a range of discharges at their gauging stations. Their engineers determined that Manning n decreased from 0.04 at low flow ͑113.3 cm to 283.2 cm͒ to 0.012 at high flows ͑56,640 to 70,800 cm͒ ͑see Fig. 11͒ . The lower Manning n decreased the height of the levees to the point that flood control was economically feasible ͑Stevens and Simons 1973a,b͒.
Consulting Practices
Daryl was a registered Professional Engineer in Colorado, Wyoming, Arizona, New Mexico, and Nebraska. His professional society affiliations included the American Society of Civil Engineers ͑ASCE͒, the International Commission on Irrigation and Drainage ͑ICID͒, the International Association for Hydraulic Research ͑IAHR͒, and the American Geophysical Union ͑AGU͒.
In 1977 Daryl spent a major part of his late career as expert witness on more than one hundred court cases. When approaching Daryl to testify, one was always well advised to find out which side he would serve. Daryl had a tremendous record, winning just about 95% of his cases. Well past his eightieth birthday, he still had all the concentration required to withstand a day filled with five to six hours of grueling questions. His relentless energy is a trademark of the legacy he left to those who worked with him. 
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